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SUMMARY 

Opinicon, Sand and Whitefish lakes lie in the physiographic region 
known as the Frontenac Axis. This region of Precarabrian bedrock is 
characterized by a moderately to steeply sloping terrain with shallow 
to no soil cover and is generally well drained. In most instances the soil 
cover is less than the 1.5 meters (5 feet) required by the Ministry of the 
Environment for the installation of standard, subsurface septic tank systems. 

In Opinicon and Whitefish lakes, water temperatures were generally uniform 
with depth. In contrast, a well-defined thermocline or zone of rapid temperature 
decline was observed between the warm upper waters (eplimnion) and the cool 
bottom strata (hypoliranion) of Sand Lake. Depressed oxygen levels and elevated 
carbon dioxide concentrations resulting from decomposition of organic matter 
characterized the deep-waters of Sand Lake. In contrast, themtire water mass 
in Opinicon and Whitefish lakes was generally well-oxygenated indicating the 
effects of wind-induced vertical mixing processes. During the latter part of 
June in Opinicon Lake and throughout the esntire survey in Sand Lake, deep- 
water dissolved oxygen concentrations were very low. 

Surface values for pH were higher than bottom-water recordings while 
deep-water alkalinity concentrations were generally higher than those of the 
upper strata. The water is relatively hard but does not have any unusual 
mineral characteristics. 
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Concentrations of K.leldahl nitrogen and total phosphorus were low and 
would not be oxnecteri to sunport nuisance levels of alpae. 

Algal levels as measured by chlorophyll a concentrations were low during 
the three surveys. The algal densities recorded in the three lakes would not 
be expected to reduce water-oriented recreational activities such as swimming 
and water skiing' or diminish the aesthetic quality of the lakes. 

Opinicon, Sand and Whitefish lakes ^-enerally had good bacteriolorical 
water nuality well within the OWRC recreational use criteria during the three 
survey periods. 

In Opinicon Lake, the area around the inflow from Chaffey's Lock had 
higher FS and TC level* indicating a bacterial input. In Jxme and October the 
fecal streptococcus (FS) level exceeded the OWPC recreational use FS criterion. 

The bacterial levels in Sand Lake were generally higher than those in either 
Opinicon or V/hitefish lakes. 

Station 3^ in Whitefish lake had consistently high FS levels that exceeded 
the OWRC criterion durin*? all three surveys. However, similar increases in TC 
and FC levels did not occur indicating that the high FS means were not due to a 
domestic sewage input but do indicate an exteinal contaminating source. 

In view of the existing good water quality which for the most part 
characterizes the waters of the Opinicon lakes, every effort should be made to 
prevent any direct flow or leach ate from domestic waste disposal systems or other 
potential sources of pollution from gaining access to the lakes. 
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IlfTRODUCTION 

Maintenance of good water quality in recreational lakes in the Province 
of Ontario is of vital concern to the Ontario Ministry of the Environment 
and other governmental agencies involved in tourism and the control and management 
of shoreline development of cottages and resorts. In 1970 an interdepartmental 
program was established to survey a number of recreational lakes in order 
to detect and correct sources of water pollution and ensure that our lakes 
would be well managed to protect water quality. The Ontario Department of 
Health, whose .jurisdiction in this program was transferred to the Ministry 
of the Environment in December 1971, would carry out on-shore inspection and 
correction of faulty private waste disposal systems, whereas the Ontario Water 
Resources Commission (now within the Ministry of the Environment) would evaluate 
the existing water quality of the respective lakes. A record of the present 
status of the private waste disposal systens and the lake water quality would 
also be documented for comparative use in any future studies. 

Recreational lakes are subjected to two major types of water quality 
impairment; bacteriological contamination and excessive growths of algae 
and aquatic weeds (eutrophication) . The two problems may result from a 
common source of wastes but the consequences of each are quite different. 
BacteriologicELl contamination by raw or inadequately treated sewage poses 
an immediate public health hazard if the water is used for bathing. In order 
for this to occiu", raw wastes or septic tank effluents must p.a.in entry to 
the lake although it Liay not be obvious unon visual inspection of the site. 
It must be noted that no surface water is considered safe for human consumption 
without prior treatment includinp; disinfection. The alp:ae ajid weed growths 
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impair aesthetic values and recreational use of a lake but seldom pose a health 
hazaxd. TViere are matrient sources other thaji sewage wastes which do not 
create serious bacterial hazards but do support nuisance plant growths such 
as agricultural fertilizer losses and normal nutrient runoff from forest and 
field. 

In order to carry out its responsibility of evaluating the status of 
water quality in recreational lakes, the Ontario Water Resources Conunission 
undertook a study on Opinicon Lake (including Sand and Whitefish lakes) in 
the sumnier of 1971- Three surveys were conducted; a spring survey from June 
2k to 28, a raid-summer survey from August 19 to 23 and a fall survey from 
October 5 to 9 inclusive. These studies included the assessment of bacteriological, 
physical, chemical and biological conditions of the lake with stress being 
placed on the bacteriolop;ical and nutrient enrichment problems. 

Sarapling surveys were conducted on an intensive basis {sampling each 
day for a minimum of five days) which is mandatory for a reliable assessment 
of bacteriologiceil conditions. 

In addition to the results obtained from these studies, information 
from other governmental agencies has been incorporated in this report which 
is the Ontario Water Resources Commission's contribution to the Interdepartmental 
Task Force Report which will deal with the overall cottage pollution program 
in Ontario. 



AREA DESCRIPTION 

Geography and Topof^raphy 

Opinlcon, Sand and Whitefish lakes are located in a narrow neck of 
Precambrian rock known as the Frontenac 'Axis which links the Laurentlan 
Shield to the Adirondacks of New York State. This Precambrian rock which 
is comprised of crystalline limestone and various schists and gneisses forms the 
shoreline of these lakes . The soil cover surrounding the lakes in most instances 
is less than the 1.5 meters (5 feet) required by the Ministry of the Environment 
for the installation of standard subsurface septic tank systems. The shoreline 
is generally moderate to steep sloping while the lake bottom tends to have a 
gentle slope. The forested areas are generally of a mixed type with predominantly 
white pine and white birch. Aquatic vegetation is conroon throughout these lakes. 

Oclnicon Lake lies in the townships of two counties and located approximately 
kO kilometerB {25 miles) north of Klnp^ston. The majority of the lake lies in South 
Crosby Township, County of Leeds, with the western one-quarter of the lake 
lying in the Townships of Bedford and Rtorrinpton in Frontenac County. 

Oplnieon Lake has a watsr surface area of T.8 square kilometers 
il,9kO acres) with a shoreline len^h, includlnr islands, of 52 kilometers 
(32 miles). ITie lake has a maximum depth of 9.1 meters (30 feet) and an 
avtrafe d@T>th of ^'.9 neters (l^ feet). 

fhe fetdrock aro\md th© lake is composed of tvo types of Precambrian 
feek. fhe flret tyne, eonsletlnR of ^eisses and schists, dominates the 
geuth eh©r@ west ef Bavis Lock. The remainder of the bedrock around the 
lsk§ §@n§igt§ @f ei^etallin€ limtstone. The soil cover around the shoreline 
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is generally rockland or the Monteagle sandy loam-rock soil complex which 
consists of a shallov, well drained sandy loam till with frequent rock 
outcrops. There is a small area of Uplands sand which is a shallow, non-calcareous, 
well drained sand in the vicinity of Cow Island. Peat dominates the shoreline 
east from Sugarhush Island. 

Sand Lake lies in South Crosby Township, County of Leeds, and is downstream 
of and directly connected, via Davis Lock, to Opinicon Lake. 

Sand Lake has a water surface area of 7-3 square kilometers (l,8lO 
acres) and a shoreline lenfrth of 52 kilometers (32 miles). The maximum 
recorded depth of the lake is ih meters (^7 feet) and the mean depth is 
5 meters (17 feet). 

The bedrock around Sand Lake is the same as the two tyt)es of Precambrian 
bedrock surrounding Opinicon Lsike. The gneisses and schists dominate the 
south shore while crystalline limestone tmderlies the remainder of the 
shoreline. The Monteaf^le sandy loan- rock soil complex covers the south 
shore of the lake from Davis Lock to Jones Falls including Birch Island. 
TTie northern shoreline from Davis Lock to Myers Bay, with the exceT>tion of 
Freeman Bay, is classified as rockland. The shoreline around Freeman Bay is 
an area of poorly drained organic soil. South from Myers Bay the shoreline 
cover is known as Uiilands fine sandy loam-rock soil complex which is 
characterized by a shEillow, well drained, non-calcareous sandy loam with 
frequent rock outcroppings- 

Whitefish Lake lies in the Townships of South Crosby and Rear of 
Leeds and Lansdowne in Leeds County and is downstream of and directly 
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connected, via the locks at Jones Falls, to Sand Lake. It has a water surface 
area of h .1 snuare liilometers (ipo8 acres) and a shoreline length of 35 
kilometers (?1.T miles). The maximum rerrorded deptli of the lake is 5.8 meters 
(l9 feet) and the mean depth is 2.0 meters (9 feet). 

Ar, with Opinicon and Sand lakes, the bedrock is of two types of Precambrian 
rock. Gneisses and schists dominate the west shore of ^"Ihitefish Lake while 
crystalline limestone underlies the east shore. The east shore is classified as 
rockland although there is an area of Seeleys Bay silt loam which is a calcareous, 
well drained, silty clay loam extending south from Judas Island into Pierces Flow. 

Climate Range 

The Opinicon, Sand and IJhitefish lakes area has a mean Euinual temperat\ire 
of 6°C (1+3 F) and a mean annual precipitation of 86 centimeters (3*+ inches) 
including 203 centimeters C80 inches) of snow. The January and July mean daily 
temperatures are -9*^C (l6°F) and 20 C (68 F) respectively. According to 
meteorological reports the area enjoys over 200 days with no measxirable 
precipitation. The summer climate is conducive to most recreational activities 
and the winter with its abundance of snow provides for participation in most 
winter sports. 

Water Movement 

Opinicon, Sand and I-Jhitefish lakes are part of the Rideau Canal System. 
Their combined drainage basin is approximately 100 square kilometers (39 square 
miles) and flows into the St. Lawrence River Terminal Drainage Basin via the 
Cataraqui River. Tlie lake levels and flows are regulated by the Federal 
Ministry of Transport . 

Opinicon LaJce has a drainage basin area covering 2? square kilometers 
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do square miles) and has three permanent inlets and one outlet. The major 
inlet is from Indian Lake and the flow is controlled by a combination of a lock 
and overflow weir at Chaffey's Locks. The other inlets are: Rock Lake Creek 
which drains Lower Rock Lake ; and Hart Lake Creek which drains Ilart and Crow 
lakes. The outlet \-rhich flows directly into Sand Lak:e is at Davis Lock where the 
lake level is controlled by an overflow weir. 

Sand Lake has a drainaf^e basin area covering 37 square kilometers 
(15 square miles) with one permanent inlet and one permanent outlet. The 
inlet is from Opinicon Lake with the flow repiulated by an overflow weir at 
Davis Lock. ITie outlet flow and lake level are regulated by a combination 
of locks, an overflow weir and the powerhouse at Jones Falls. 

V/hitefish Lake has a drainac:e basin area covering; 36 square kilometers 
(lU souare miles) with one uermanet inlet and two outlets. The inlet is at 
Jones Fallfi and receives water from Sand Lake. One outlet is an overflow 
dajn discharrinr; into Morton Creek at Morton. This overflow dam ref^xilates 
the water level in I'Jhitefish Lake. The major outlet is a Tiortion of the Rideau 
Canal System and begins at Squaw Point . 

Shoreline Develonment 

L^^-inp: close to the border of the United States and heinf!: -nart of the 
Rideau Canal System has led to generally well developed shorelines on Opinicon, 
Sand and \fliitefish lakes. 

Opinicon Lake has approximately 120 cottages most of which are well distributed 

alonp all the shorelines with concentrations of cottages near Chaffey's 
Locks, Barrel Point and Davis Lock. 
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Sand Lake, with approximately 110 cottaf^es, has a cluster type of 
shoreline development with concentrations in small areas such as around 
Ransier Bay, Powell Bay and between Myers and Glovers bays (Figure l). 

VJhitefish LaJce has approximately 100 cottages which are also of a cluster type 
of development- The areas of cottajF^e concentrations in this lake are around 
Jones Falls, Deans Island and Squaw Point. The western shoreline is generally 
undeveloped (Figure l). 

Water Us ape 

The majority of the cottage owners use the lake water as their source 
of domestic suuply. The lakes support recreational water sports such as 
fishing, boating on the Rideau Canal System, water skiing and swimming. 
According to the information available from the Department of Lands and 
Forests the most common game fish in these lakes are northern pike, walleye, 
largemouth and smallraouth bass . 

There are no direct discharges of wastes into Oplnicon, Sand or 
Whitefish lakes from communal or municipal sewage treatment facilities. 
There does not appear to be any pollution hazard from the operation of 
existing municipal solid waste disposal sites. 
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FIELD AND LABORATORY METHODS 

Physical, Chemical and Biological Field Methods 

V/ater quality surveys were conducted on Opinicon, Setnd and Whitefish 
lakes from June 2li to 28, from August 19 to 22 and from October 5 to 10, 1971. 
Three mid-lake sampling; sites. Station 13 {Opinicon Lake), Station 58 (Seuid 
Lake) and Station 6o (Whitefish Lake) were chosen for physical, chemical 
and biological sampling (Figure l). 

Dissolved oxygen and temperature profiles were determined daily in the 
field using a combination dissolved oxygen-telethermometer unit. Total 
alkalinity and free carbon dioxide were measured daily titrimetrically and pH 
was measured with a portable pH meter. Daily, sajnples for chlorophyll analysis 
were collected in a 32-ounce bottle, at each raid-lake station, utilizing a composite 
sampler lowered through the euphotic zone (2X Secchi disc depth) and immediately 
preserved with 10-15 drops of a 2% MgCO^ suspension. 

Once per survey, a 32-ounce sample for hardness, alkalinity, chloride, 
total phosphorus, total Kjeldahl nitrogen, iron and conductivity was collected 
at all mid-lake stations. As well, at least two samples were collected at both the 
major inlet and outlet. The mid-lake stations were sampled using a composite sampler 
through the euTihotic zone. At the outlet and inlet, samples were collected 
from 1 meter of depth using a Kemmerer sampler. 

At each mid-lake station, one sample for total phosphorus, total KJeldahl 
nitrogen and iron was obtained by means of a Kemmerer sampler from a depth of 
1 meter above bottom on October 7- 
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PhysicELl, Chemical and Biological Laboratory Methods 

All analyses were carried out usinn routine OWRC methods based on 

Standard Methods 13th Edition, 

Iron was measured after the sample had been digested with acid to 
dissolve all forms of iron present. 

Kjeldalil nitrogen and total phosphorus concentrations were determined 
after the sample was di/rested with acid and an oxidizinr ardent to destroy 
orcanic matter. 

For chlorophyll determinations, 1 litre sainples were filtered through 
a 1.2 ;i membrane filter which was then extracted with 90% acetone for 2k hours. 
Absorbajice of the extract was determined at wavelenprths of 600 to 750 p using 
a Unicam SPlSOO ultra violet spectrophotometer. The concentrations of 
chlorophyll a^ were calculated usin?^ tlie equation given by Richards & Thompson 
(1952). 
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Bacteriological Field and Laboratory Methods 

Five-day intensive bacteriological s-urveys were completed in 
June, August and October on the Opinicon LaJce area. Sixty-one surface samples 
and three denth samples at Stations 3D, 19D and 51D were taken daily. 

Surface samples were collected at a depth of one meter below the surface 
using sterile, autcclavable polycarbonate 250 ml bottles. Depth samples were collected 
one meter above the bottom usinp a modified "piggy back" sampler and sterile 
237 ml evacuated rubber air syrinp;es . 

All samples were stored on ice and delivered to the mobile laboratory 
within two to six hours and analyzed for total coli forms, fecal coli forms and 
fecal streptococcus using the membrane filtration technique (TTF) (Standard 
Methods, 13th Edition) except that m-Endo Ap;ar Les (Difco) was used for total 
coliforra and liacConkey membrane broth (Oxoid) was used for fecal coliform 
detenninations. The total coliforms (TC), fecal colifoi-ms (FC) and fecal 
streptococcus (FS) were used as "indicators" of fecal pollution. The 
'"indicators' are the normal flora of the larp;e intestine, and are present in large 
numbers in the feces of man and animals. When water is polluted with fecal material, 
there is a T>otential danger that pathogens or disease causing micro-organisms may 
also be present. 

The colifom group is defined, according to Standard Methods, 13th Edition, 

as all of the aerobic and facultative anaerobic, gram-negative, non-ST>oreforraing 

rod-shaped bacteria which ferment lactose with gas formation within hQ hours at 

35*^0" ajid, or 'all organisms which produce a colony with a golden-green metallic 

sheen within 2k hours of incubation" usinr' the MP technique. This definition 

includes, in addition to the intestinal forms of the Escherichia coli group, 
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closely related bacteria of the genera Citrobacter and Enterobacter. The 
Enter ob acter - Citrobacter groups are common in soil, but are also recovered 
in feces in small numbers and their presence in water may indicate soil runoff 
or, more important, less recent fecal pollution since these organisms tend to 
survive longer in water than do members of the Escherichia ^roup, and even to 
raultiply when suitable environmental conditions exist. A more specific test for 
coliforms of intestinal origin is the fecal coliform test, with incubation of 
the organisms at i+U,5°C. Though by no means completely selective for 
Escherichia coli_, this test has proved usefiil as an indicator of recent fecal 
pollution. 

Fecal streptococci (or enterococci) are also valuable indicators of 
recent fecal pollution. ITiese organisms are large, ovoid, gram-positive 
bacteria, occurrinp; in chains. They are normal inhabitants of the large Intestine 
of man and animals, and they generally do not multiply outside the body. In waters 
polluted with fecal material, fecal streptococci are usually found along with 
coliform bacteria, but in smaller numbers, although in some waters they may be 
found alone, 'llieir presence, along with coliforms, indicates that at least a 
portion of the coliforms in the sample are of fecal origin. 

Bacteriological Statistical Methods 

Fluctuations in bacterial concentrations due to changing environmental 
conditions require that a great nxmber of sam-nles be taken to arrive at a mean 
value which is renresentative of a sT>ecific sample location or sampling area. 
The most appropriate mean for bacterial levels and this type of data is the 
geometric mean. The vast quantities of bacteriological data generated from 
these samiDles necessitated the development of additional statistical methods 
to simmarize the mean results into a more concise presentation. The statistical 
methods used are based on the analysis of variance. The stations on the lake 
can be grouned, by this method, into areas or groups of stations within the same 



statistical bacterial level, without the bias normally associated with manual 
interpretation. 

The analysis of variance is particularly effective where bacterial con- 
centrations vary slightly throughout the lake. Areas or stations with slight 
differences in bacterial concentration may be isolated. Areas or stations 
with statistically higher bacterial numbers reliably indicate an input. 

The results from all the ainalyses were organized as replicates representing 
the stations during the survey period. All data were trsms formed to logarithms 
(base 10 ) and all further analyses were done using these transformed data. A 
geometric mean {the ajiti logarithm of the average of the logarithm) was calculated 
on each station and for each parameter. The validity of the analysis of variemce 
program (ANOVA-CRE; Burger, 1972), was based on the assumptions that the 
variances of all the stations were similar (Bartlett's test of Homogeneity j_ 
and that the data were normally distributed. 

Both of these assumptions were checked on the Opinicon Lake area. The 
Bartlett's test was found to be non-significaint and the data followed a normal 
distribution, hence the analysis of variance (F-test, Sokal, 1969) was calculated 
on all stations. 

If the F was significant, then the multiple-t test was used to help 
determine the stations which should be deleted from the overall group to yield 
a homogeneous group of stations. The withdrawn stations were regrouped with 
respect to geographic proximity and similar means. The calculations on all 
groups were repeated using the analysis of variance program until each discrete 
group was homogeneous. The homogeneous groups that were geographically isolated 
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compared by means of the Student-t test (using the log GM and S.E. ) which 
indicated the statistical difference between these groups. The Student-t test 
was also used to compare the grouped bacteriological data from the three 
surveys . 
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DISCUSSION OF RESULTS 

Temperature and Dissolved Oxygen 

In June , vater temperatures were homothermous or near-homothemous with 
depth in Opinicon and Whitefish lakes (Figures 2a and l*a respectively). A 
well-defined thennocline or zone of rapid temperature decline was appeirent 
between k and Tin in Sand Lake (Figure 3a). This thermocline serves as a physical 
barrier to mixing between the upper warm strata (eplimnion) and the bottom 
cool strata (hypolinmion) . Although thermal stratification was not apparent 
in Opinicon Lake, a severe dissolved oxygen depletion occurred between km (11.3 
mg/l) and 9m (l.l mg/l). In Sand Lake, dissolved oxygen concentrations declined 
through the thermocline (Figure 3a) and were as low as 1.5 mg/l at Im above 
bottom. The deep-water oxygen deficits in Opinicon and Sand lakes resulted 
from bacterial oxidation of organic matter, biological respiration and chemical 
oxidation. Oxygen conditions in Whitefish Lake, the shallowest lake, were 
non-diminishing with depth, indicating the effects of wind-induced vertical 
mixing. 

Ihuring the period August through October, the temperature and oxygen 
regimes in Opinicon and Whitefish lakes were generally similar between surface 
and bottom indicating complete vertical mixing from wind and wave action, 
(Figures 2b, 2c, Ub and lie). By early October, the thermocline in Sand Lake 
was substantially lower than during the preceding surveys (Figures 3a, b and c). 
This phenomenon as well as the cooler surface water temperatures were in keeping 
with the expected seasonal changes characteristic of many small inland 

recreational lakes. Severe dissolved oxygen declines from 11.8 to 0.8 mg/l 
on August 21 and from 1^.5 to 0.2 mg/l on October 5 were apparent through the 
thermocline (Figures 3b and c). During the latter part of June in Opinicon 
Lake and throughout the entire survey period in Sand Lake, deep-water dissolved 
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FIGURE 2: TEMPERATURE AND DISSOLVED OXYGEN PROFILES 
IN OPINICON LAKE STATION 13. 
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FIGURE 3; TEMPERATURE AND DISSOLVED OXYGEN PROFILES 
IN SAND LAKE STATION 58 THE SHADED AREA 
APPROXIMATES THE POSITION OF THE 
THERMOCLINE. 
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FIGURE 4b AUGUST 22/71 
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FIGURE 4: TEMPERATURE AND DISSOLVED OXYGEN PROFILES 
IN WHITEFISH LAKE STATION 60. 
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oxygen concentrations were very low. 

pH, Free Carbon Dioxide and Tbtal Alkalinity 

In the three lakes , surface pH values were higher than in the deeper 
strata (Table l). For example, on August 21, 1971 in Opinicon Lake, pH 
values at 1.0 and 9.0m were 8.5 and T.'^ respectively. 

Surface carbon dioxide concentrations in Opinicon and Sand lakes were 
zero or near-zero while those of the bottom strata ranged from l.h to lU.6 mg/l 
(Table l). The high deep-water carbon dioxide values as well as the above 
mentioned depressed pH levels are related to conditions of organic decomposition. 
In Whitefish Lake, free carbon dioxide was not detected. 

In general, alkalinity concentrations were higher in the bottom waters than 
in the surface strata. For example, on August 22 in Opinicon Lake values at 
1.0 and 9.0m were 8l.5 and 91.5 mg/l respectively. The higher total 
alkalinity values in the bottom waters relative to surface concentrations 
indicate that release of bicarbonate from sediments was occurring by bacterial 
and chemical action in conjtinctlon with calcium, magnesium, iron, manganese 
and ammonia. 

Hardness, Chloride, Conductivity and Iron 

The hardness, chloride and conductivity data (Table 2) were consistent 
with each other indicating that no unusual mineral characteristics were present. 
The hardness is such that cottagers may prefer using detergents containing 
phosphates for washing purposes and if such detergents are used by cottagers, 
every effort should be made to ensure that the waste disposal systems do not 
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allov any phosphorus to gain access to the lake. The use of soap is 
highly recoriraended as an alternative to the use of detergents containing 
phosphates . 

The iron concentrations (Table 2) were uniformly low which is normal 
for this type of lake, 

Kjeldahl Nitrogen and Total Phosphorus 

Surface concentrations of Kjeldahl nitrogen and total phosphorus were 
low and would not be expected to support nuisance levels of algae. There 
were high concentrations of each in the bottom waters at Station 58 on 
October 8. This may have been due to recycling from the sediments. 

Chlorophyll a 

In general, algal densities in Opinicon, Sand and Whitefish lakes as 
reflected by chlorophyll a^ concentrations were low during the three surveys 
(Table 3). Chlorophyll a concentrations in Whitefish Lake were slightly 
higher than those measured in Opinicon and Sand IsJces . The algal levels 
encountered would not be expected to cause a reduction in water-oriented 
recreational activities such as swimming and water skiing or diminish the 
aesthetic quality of the lake. 

As indicated above, chlorophyll a measures the amount of photosynthetic 
green pipnent in algae while water clarity which is one of the more important 
parameters used in defining water quality is determined using a Secchi disc. 
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Recently, Brovn (1972) has indicated that a near-hyperbolic relationship 

exists between chlorophyll a concentrations and Secchi disc readinf^s for lakes 

of Precambrian origin. Fif^ire 5 describes the author's mathematical relationship 

between chlorophyll a and Secchi disc for 9^' 5 sets of data collected from 

approxinately sixty recreational lakes ^^^hich are characterized by hip;h 

chlorophyll a concentrations and poor water clarity are situated alonp the vertical 

axis of the hyrierbola while oligotrophic waters which have low chlorophyll a 

levels and allov; sipTiificant ll":ht nenetration lie alonp: the horizontal llitib. 

Mesotrophic lakes would be dispersed about the middle section of the curve. 

The relative Ia'' unTProrlucti ve nature of the Opinicon Lakes'' is indicated by their 

proxinitv to valuen conputed for Ual^o Ontario and the Eastern Basin of Lake 

Erie - two olirotro-nhic to mesotrophic bodies of water. Significantly, Opinicon, 

Sand and VThitefish lakes are well-renoved fron the Bay of Cuinte, the Western 

Basin of Lake Hrle, Piley Lalce and Gravenhurst Bay - four hif^hly enriched lakes. 
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FIGURE 5 
CHLOROPHYLL Q - SECCHI DISC RELATIONSHIP 
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Figure 5: Relationship between chorophyll a and Secchi disc as determined from 
recreational lakes surveyed in 1971, as well as the mean values for 
chlorophyll a-Secchi disc for Opinicon, Sand and Whitefish Lakes - 1971. 
Values for the Great Lakes were added for comparative purposes. 



BACTERIOLOGY 

Opinicon Lake 

Opinicon Lake was well-within the OWRC recreational use criteria 
(OWRC, 19T0) during the three surveys completed. 

During the June survey, most of the lake. Group A was homogeneous with 
overall bacterial geometric means of 35 TC/lOO ml, 1 FC/lOO ml and 1 FS/lOO ml, 
(Figure 6, tables h, 5, 6). Station 21, at the inflow through Chaffey's Lock, 
had a significantly higher FS level of 37/100 ml. Group B, (Stations 22 and 22A) , 
east of the lock, also was higher than Group A with 6 FS/lOO ml (Figure 6). 
Similar surveys completed in 1971 on the Newboro Lake area (OTOC, 1971) indicated 
that the water flowing from Indian Lake into Opinicon Lake was characterized 
by high FS means. Hence the origin of the high FS levels at Station 21 may be 
as far upstream as Indian Lake. 

In the August survey, all stations were homogeneous for FC and FS with 
densities of 1 FC/lOO ml and 5 FS/lOO ml (Figure 7, tables 5 and 6). Opinicon 
Lake was divided into two areas of different TC concentrations: Group A with 
12 TC/lOO ml and Group B, south and east of Chaffey's Lock, with 126 TC/lOO ml. 
The Group B area was very shallow, weeety and bordered by a heavily cottaged 
shoreline. The higher TC levels in Group B may be a result of the inflow or an 
input from the cottaged shoreline. 

In the October survey, all lake stations were included in Group A 
(Figure 8) with 10 TC/lOO ml, 1 FC/lOO ml and 2 FS/lOO ml except for Station 
21, which again had a higher FS level of 23/100 ml. 

Opinicon Lake, during the three surveys, was well-within the OWRC 
recreational criteria. The FC and FS levels remained very low throughout 
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the three surveys except for Station 21 which exceeded the FS recreational 
criteria in June and October. The TC levels were significantly higher in June 
than in August or October, (Table 7), possibly, because of rainfall induced runoff 
0.77 inches of rainfall were recorded at Athens Climatological station coupled 
with the spring snow melt runoff. 

Sand Lake 

Sand Lake which was surveyed simultaneously with Opinicon Lake, was also 
well within the OWRC recreational use criteria. 

During the June survey, the majority of lake stations were included in 
Group C {Figure l) with 57 TC/lOO ml, 1 FC/lOO ml and 2 FS/lOO ml (Tables 8, 
9, 10). Stations 30 and 33 had slightly higher FC levels of U/lOO ml and 
3/100 ml respectively. 

In August, the entire lake was homogeneous, (Group C) with bacterial 
geometric means of 87 TC/lOO ml, 1 FC/lOO ml and 5 FS/lOO ml (Figure 7, 
Tables 8, 9, 10). Sand Lake was again uniform in the October survey. All 
stations except Station 59 were included in Group B with bacterial mean levels 
of 11 TC/lOO ml, 1 FC/lOO ml and 1 FS/lOO ml (Figure 8). Station 59 had a 
higher FS density of 10/100 ml 

Generally, the FC and FS concentrations remained very low during the 
three surveys. The TC levels were uniformly low in June and August and even 
lower i" October (Table 11), 
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Wiitefish Lake 

Whitefish Lake was well within the 0\4RC recreational use criteria and 
f;enerally had uniformly low bacterial levels except for Station 3^, which had 
elevated FS concentrations durinp; all three surveys. In June, the ma.lority 
of stations were included in CrouTi D (Fir^re 6) with l8 TC/lOO ml, 1 FC/lOO ml 
and 1 FS/lOO ml (Tables 12, 13, 1^). In Au<TUst , Group D, encom-nassinp the 
majority of stations, disnlayed overall means of 19 TC/lOO ml, 1 FC/lOO ml 
and 3 FS/lOO ml (Fifrure 7). Oroup C, in October, had low bacterial means of 
IP TC/lOO ml, 1 FC/lOO ml and 2 FS/lOO ml (Fi-rure fi). 

Station 3^ had elevated F9, levels of Ut/100 ml, 57/100 ml and 37/100 
ml durinr the June, /Vurrust and October sxirvevs , resnectively. This station 
is in a very shallow and weedy area of Whitefish LaXe bordered by cottap;es. 
These levels , in excess of the OVJT^C recreational use criteria, have been 
attributed to rainfall induced runoff from the cottae:ed shoreline. The 
Athens Climatolo/^ical station recorded 0.7T inches of rain dnrinr: the June 
survey neriod, 1.09 inches durinr AufTust survey and 0.5f> inches during 
the October survey. 

TC and FC concentrations remained uniformlv low for all surveys completed 
on IVhitefish Lake (Table 15). FS levels remained low but not uniform. 

The three lal'.es had relatively low bacterial levels during the three survey 
psrioda.. In the June survey, the TC concentrations for Oninicon Lake and Sand 
LaJre vero uniformly hifher than those in V.Triitefish Lake. The TC levels in Aupiist 
decreased in Oninicon Lake remained the same in VJhitefish Lake and increased 
in Sand Lal'.e. 
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TK- the October sxirvey the TC denr^itifr, were iinifomly low {Table l6), 

Althoufth all three lakes were well within the OTOC recreational criteria, 
all surface water rrust receive treatinent, includinft disinfection, before it 
can be considered -notable. 
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Table 1: Extreme and mean data for dissolved ox:rp,en (mg/l). pH, alkalinity (np;/l) and free CO2 (mp/l) 

for Oninicon, Band and vnn.itefish Lai'ies. 1971. Data were collected fror. In and froin Im above the 
sediments . 
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Tabic 2 

Iron, !:ard.ne?p (Hard)., C'otal Phon-nhorus (P), "^otal ftjeldahl Nitrogen (n), 
Chloride (Cl^ and Conductivity (Cond) ■for Oninicon Lake. 1^71 . 

Results are expressed in nr^/i except conductivity which is umhos/cn3. 
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'^Lble 3i ChloroTih^'ll n ind Hecchi diFC valuer for 0-ninicon >r^an'i and V.'hite.finh Lakes, 
otationr; 1?, , 50 and 60 resnectl vel".^ i-Urin" 1 "^Tl . 
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EXPLANATION OF TERMS IN BACTERIOLOGICAL TABLES 



i - the calculated analysis of variance statistic 

on F ratio. 

^f - degrees of freedom of the F ratio for "between group" 

and "within group" variation. 

F(5|) - the F ratio from a statistics table (Rohlf 1969). 

If the calculated F is greater than the F(5%) , a 
significant difference (SD) occurred between the 
groups in the analysis. If the F is less than F(5%), 
no significant difference (NSD) occurred. 

log GM " the logarithm (base 10) of the geometric mean. 

S.E. - the standard error of the log GM where 

S.E. = s and s = standard deviation 



the number of values in the mean. 

the geometric mean of the bacterial level. 

the calculated test of significance or student t-test 
used to compare stations, groups and a survey. 

If t for the number of degrees of freedom shown is 
greater than the critical t value, a significant 
difference (SD) occurs. 

SD refers to a significant difference at the .05 level 
but no significant difference at the .01 level. 

SD* refers to a significant difference at the .01 level 
but no significant difference at the .001 level. 

SD** refers to a significant difference at the .001 level. 
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Table h - O-ninicon I.ako 

Suiranari,' of ;\nFilvsiF; of Variance Oroutjing of r.tationr> 

Parameter - Total Coliform (TC)/100 ml 
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Talale 5 - Oninicon Lake 

Suirmar^^ of Analysis of Variance Groupinr' of Stations 

Paranpter - Fecal Co} i form (FC)/100 ml 
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'Pntale 6 - 0-ninicon Lal^c 

Siunnary of Analysis of Variance Grouninf^ of Stations 
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Table 8 - nand Lal-c 

:lPuinmar7 of Analyfiia of Variance OrouTiin'' of stations 

Parameter - Tota] Coliform (TC)/100 ml 
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'T'a'blo <^' ~ ^p.nd Lake 

STunmarr of Analysis of Vnria,nce rrT-ou-niTT^ of Ptatlonr 
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21, Br; 




F{.05) 




1.87 




lor G" 




,10f^o 




SE 




.0?15 




TJ 




100 




f'l!' 




it 





"C^ 



All stations 



.ll)t9 

,03S6 

115 

1 



® 



All Rtatiorif^ 



.0?8l 
.0123 

1 
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Table 10 - Sand Lake 

Sunnary of Analysis of Variance GrouTiinf of Stationr; 

Parameter - ^f'eca] Streptococcus (FS)/100 tH 



F^RVEY 



JIJT'IE ?k - 28 



AUGUST IQ - 23 



OCTOBI^ 5 -o 



Group 
F 



All Stations 
1.651 



All Stations 


.8^BU 


^^3, 80 


1.61 


KSD 



All Stations 

2.0500 
IB, 60 
1.T5 

m 



Grou-D 



All f^tations 



C 



All station!^ 



All stations 
exce-pt 5*^ 



df 
F(.05) 



.6250 
17, 6k 
1.8U 
NSD 



lor G" 

RE 

GH 



.216? 

.0338 

IIT 



,6665 

,069s 

113 

5 



, 1206 

,0250 

82 

1 
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Table 11 

riunmarv of t-ter.tH between Ma.lor '\naIyEi:i of Variancf? Grourinr of stations 
I'otvecn Survevs for PanH ],s.Ve 



total colifom 



AUCrUST 



OCTOBEP 



OCTOBER 



t = .1BU5 
JUNE df = 231 NSD 

t{.05) = l.'^6 



t = 7.^137 
AUGUST df = 20^ SD' 

t{.05) = l.'^f^ 



t - S.8?Q1 
JTFNE df = 205 SD** 

t(.OS) = l.p6 



fecal coliform 



JUHE 



'AUGUST 

t = .1^9^ 
df = 221 ?ySD 
t( .05) = 1.9f^ 



ATTGT.'?1 



OCTOBER 

t = 2.. 1011 
df = 205 RD 

t( .0^) = 1.06 



JUN 



t( 



OCTOBER 




t 


= -^.0^02 




df 


= 108 


SD* 


05) 


= 1.9^ 





fecnl strentococcur; 



AUGUfi'] 



OCTOBKT-! 



OCTOBER 



JliJE df = 22a 

tt-O-^) = 1.9:6 



cjn** AUGUS' 



t = n.)(552 
' (If = 10^ SD** 

t(.D5) = 1.9.6 



t = 2.0oin 
JllW. df = 107 SD 

t(.05) =1.96 
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Table 12 - V/hitefish Lake 

FJumman'" '^^ Annlyriis of Vr>ri nncn nrounin," of ;'intionf 

Parameter - Total roliform (l'n)/100 ml 



SURVEY 



JURE 2U - 28 



AUGUST 19 - ??3 



OCTOBKR 5 - Q 



Oroun 



All Station=i 



All Stations 



All Stations 



df 



1 . h?'J 
11- h3 
2.026 

K'SD 



.Q:?ia 
10, ii3 
P.Ofi 

NSD 



7, 31 
2.33 
NSD 



i.rrouri 



All stations 



I) 



All stations 



All stations 



lo- O'l 
SE 
i-i 
Gti 



1.2573 
. 06ok 

55 
18 



1 . 2P72 
.00114 

5h 
If 



1 . 2772 

.1253 

30 

19 
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Table 1 '^ - Wiitefish Lake 

Simma.r',' of Analysis of Variance GrouT)inr of Stations 

Parameter - Fecal Coliform (FC)/100 nil 



SURViry 



JUira 2U - ?8 



AUGUST 19 - ?.3 



OCTOBFTt 5 -0 



Group 

F 

df 



All Stations 

I . ].7B 

II. U3 
2.026 

NSD 



'111 StHtions 

.96B8 
10, kk 

2.n8 



Station 


1 


771^ 


7 


, 32 


2 


33 




HSD 



GrouTi 



All stations 



All stations 



All stations 



lofT GI.'! 
SE 
Ti 
GM 



.1067 
.0375 



.0397 
.03h5 



.022b 
.0127 

1 
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Table Ih - VJhitefish Lake 

Siuimar'/ of Analysis of Vfiriance Grounin," of Ptations 

Parameter - Fecal Strei^tococcus (FP)/100 rLl 

SIJBVUY iTlINE 2k - 28 AUGUST lo - ?3 OCTOBER 5-9 

Group All Stations All Stations All Station;^ 

rtf 11, U3 10, 1+1+ 

p(.n5) ?.0p6 p.oO 

GrouT^ S P 

Al] stations exce-nt All stations excent 

F .fnoo .739li .3073 

df 9, 1+0 9. kO 6, 28 

F{.n5) :P.in ?..l^ P.li5 

■ISP USD HSD 



Tor f'f' .l^^^"^ .'t3('3 .?9T3 

SL .oliUn .n8ii .071+3 

i 5B W 3B 



m 1 3 



It, 0269 




7, 32 




2.33 




sn 




C 




All but station 


3lt 



0. 
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Table l'"^ 

Riimmary of t-testn Between ria.^or Analysis of Variance Groupinpis Between 
Riirvevs for Wliitefi^h L?,he 



total colifom 



filTCTHJK 



OCTOBT^ 



OCTOBPTt 



t = .2''1? 
JVUF. df = 107 HF,D 



t = .noop 
fttJGnBT df = O] NRn 

t(.Os) = l.nG 



t = .mil 

JUWE df = n? NRD 

t(.0'3) = l."0 



ff;cal cq] i f or^n 



AUfflTS!!!' 



oea^ofim 



0CTOB3R 



t = 1.3l!if> 
.TU-IE df = 10 

t(.05) = l.?S 



o ::b*T? 



t = .4078 

t(.0!^) = 1.98 



t = IJ 
JUmi df = '^3 I'ISD 

t(.05) = i.p8 



fecal stroTitococcuF 



AUGUST 



OCTOBER 



OCTOBra 



t = 3.5296 
JIJ'IE df = 93 SD* 

t(.05) = 1.P8 



t - 1.2061 
AUGUfT df = 83 NSn 

t(.05) = ?.00 



t = l.*^517 
JUTTE df = 83 NSD 

t(.05) = 2.00 
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Zva'-nrir^' of t-ter,tn T^etveen Analvsis of '/ririr^nce (Irou^^i.nr' of rtn.tions 
'"jptvoen 0-ninicon Lal'.e, Hand Lak.-^ an'l '■'iTit'^f ish Lake for Total Coliform 



Oplniron 

t = l.Cll 
Sand If = ?^1 -IPD 

t( .0';) = l.Ofl 



AHCllP'i' r'fRVEY 
Oninieon 

Pan4 ('.f = P36 SD** 

t( .05) = 1 .^I's 



DcroBER nimvEY 

Oninicon 

rand (If = \P-C unn 
t(.n5) = i.^i' 



hand 



V.'hiterir^h 

t = :^n7h 
df = ITO r:"^-^" 
t(.DS) = l.n.< 



'.n-; 



t( .O'S) = l.'^f' 



^and (If = ir^G ^T^i 
t( .orO = l.n8 



WhitRfif^h 



Wiite'^-in'h, 



vmitcfish 



1, = ■''.oB'^ 
Opinicon i?f = 1^-^ H'^ 



Oyiininon df = 17*^ ^rr-T^ Oninicon d*' = ll'i !r,^ 

t( .^s) = 1 .n' t(.^s) = i.^n 
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GLOSSARY OF TERMS 



ALKALINITY 



ANOXIC 

BACKGROUND COLONIES 



CHLORIDE 



CHLOROPHYLL a 
CONDUCTIVITY 



DIATOMS 



EPILIMNION 



EUPHOTIC ZONE 



EUTROPHIC 



:The alkalinity of a water sample is a measure 
of its capacity to neutralize acids. Tliis 
capacity is due to carbonate, bicarbonate and 
hydrozide ions and is arbitrarily expressed as 
if all of the neutralizing capacity was due to 
calcium carbonate alone. 
iRefers to conditions when no oxygen :s present. 
: Background colonies .ire other lake water bacteria 
capable of growing on the total colifonn plate, 
in spite of the inherent restrictive conditions. 
rChloride Is simply a measure of the chloride 
ion concentration and is not a measure of 
chlorina tion. 
:A green pigment in plants. 

:Conductivity is a measure of the waters ability 
to conduct an electric current and is due to the 
presence of dissolved salts. 
rUnicelluJar plants found on all conLinents and in 
all types of water where light and nutrients are 
sufficient to support photosynthesis. Tliey are 
comprised of two siliceous frustules (cell walls) 
which have an outer valve (epitheca) fitting 
over the inner valve (hypotheca) like the lid on 
a box. The siliceous deposits comprising the 
frustules vary in regular patterns according to 
the individual species. 
:Is the thermally uniform layer of a lake lying 
above the thermocllne. Diagram I. 
:The lighted region that extends vertically from 
the water surface to the level at which photo- 
synthesis fails to occur due to insufficient 
light penetration. 
: Waters containing advanced nutrient enrichment 
and characterized by a high rate of organic 
production. 
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EUTROPHICATION 



FECAL CQLIFQRMS (FC) 



FECAL STREPTOCOCCUS (FS) 



HARDNESS 



HYPOLIMNION 



KJELDAHL NITROGEN 



MESOTROPHIC 



METAL IMNION 
OLIGOTROPHIC 



PHOSPHORUS (TOTAL) 



:The process of becoming increasingly enriched 
in nutrients. It refers to the entire complex 
of changes which accompanies increasing nutrient 
enrichment. The result is the increased production 
of dense biological growths such as algae and 
aquatic weeds which generally degrade water quality 
and render the lake unsuitable for many 
recreational activities. 

: Fecal coliforms .ire bacteria associated with 
recent fecai pollution from mau and animals. 

:Fecal streptococcus are bacteria associated with 
fecal pollution from animals and to a lesser 
extent man. 

: Hardness of water ±s a measure of the total con- 
centration of calcium and magnesium ions expressed 
35 if ail of the ions were calcium carbonate. 

:The uniformly cold and deep layer of a lake lying 
below the tliermocline, when the lake is thermally 
stratified. Diagram ^M 

:Sum of nitrogen present in Lh».' ammonia and organic 
forms (it does not Include nitrite or nitrate). 

:Waters characterized by a moderate nutrient supply 
and organic produt;tion (i.e. midway between 
eutrophic and ol igotrophic) . 

: See thermocline. 

:Waters containing a small nutrient supply and 
consequently characterized by a low rate of 
organic production. 

: Is ttie measure of tlie hydrogen ion c:oncentration 
expressed as the negative logarithm of the molar 
concentra t ion . 

:Sum of all forms of phospjiorus present in the 
sample. 
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SECCHI DISC :A circular metal plate, 20 centimeters in 

diameter, the upper surface of which is 
divided into four equal quadrants. Two 
quadrants directly opposite each other are 
painted black and the intervening ones white. 
The secchi disc is used to estimate the 
turbidity of the lake water. 

THERMAL STRATIFICATION ;During the spring, vertical tejnperatures 

in a lake are homogeneous from top to bottom. 
As summer advances, the surface waters become 
warmer and less dense than the underlying 
cooler waters. A strong thermal gradient 
(Thermocline) occurs giving rise to three 
distinct water layers. The variation in 
density between layers retards mixing by 
wind action and water currents. Diagram #1. 



THEEMOCLINE 
(metalimnion) 



:The layer of water located between the 
epilimnion and hypolimnion In which the 
temperature exhibits a decline equal to or 
exceeding 1 C increase per meter. 



LAKE 



Diagram i^l 



SURPACE 



EPILIMNION 



THERMOCLINE 
(METALIMNION) 



HYPOLIMNION 



TOTAL COLIFOKMS (TC) 



TROPHIC STATUS 



:Total conforms are bacteria commonly 
associated with fecal pollution but may 
also be present naturally in the environment. 

:Depending upon the degree of nutrient 
enrichment and resulting biological 
productivity, lakes are classified into 
three intergrading types: 

- kg - 



TROPHIC STATUS 

(continued) : oligotrophia, mesotrophic and eutrophlc. 

If the supply of nutrients to an ollgotrophlc 

lake is progressively increased, the lake will 

become more mesotrophic in character and 

with continued enrichment it will become 

eutrophlc. 
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